This present study is proposed to overcome the lack of distributed data, usually occurs in developing country, in order to simulate fully distributed flood runoff response to land cover change in urbanized catchment. A method to produce spatial distributed hourly rainfall is developed. Linear interpolation approach is used to estimate hourly rainfall by considering hourly rainfall deviation from daily average. Infiltration in urban area is accommodated by applying spatial distributed urban density. The urban density is detected using the land cover and district area data. This parameter is further adjusted to get the value of infiltration coefficient in urban area which determines the loss of water in urban area. The model, a combination of 2D runoff model with NCF tank model, is applied to the upper part of Ciliwung River basin in Indonesia. By using spatial distributed parameters, model performance has improved. It is also shown that land cover changes due to urbanization, in response, have intensified flood runoff discharge.
INTRODUCTION
During the last few decades, frequency of flood, as one of natural hazard with great impact to human life, has been increasing. There are various things that contribute to this phenomenon such as land cover change which is inevitable due to the fast growing needs of area for development. One of the most common processes in land cover change is urbanization. When an area is being urbanized, impervious surface covers the land and reduces rainfall to infiltrate the soil, hence, it increases the amount of water on surface runoff. Moreover, interception loss also occurs and influences water balance. All of these occurrences will lead to flood intensification.
Many studies on flood intensification due to land cover change have been made by researchers. Semi distributed hydrological model is capable of quantifying the effect of land cover changes 1) . Some factors such as vegetation interception, infiltration, and soil water content affect change on hydrological processes. Simulations of land use changes along with identification of flood source areas are useful for future flood control planning 2) . Quantification through flood hydrograph indicated that deforestation has increased flood hydrograph peak and volume. Results from the simulation can be used to support policy options in flood management. Nevertheless, a fully distributed modeling approach needs to be applied in order to get more accurate and detail of flood characteristic 3) . Therefore, it is very important to develop a distributed flood runoff model.
In order to resemble actual condition and to achieve good accuracy in simulation, flood model should have an adequate of spatial data parameter for the model input. As one of the main factors influencing the magnitude of the response during a flood event 4) , rainfall input in flood modeling is very important to assess the spatial structure of rainfall and its representation for flood runoff generation 5) . The runoff response is the complex interactions which include rainfall spatial variability that determine runoff generation. Along with this condition, the sensitivity of spatial rainfall is enhanced on urbanized catchments 6) . Spatial distribution of rainfall should be taken into account to distributed flood model because it influences estimation parameters and leads to disagreement of calibration 7) . Study about the potential and necessity of using operational radar products has pointed out that the danger of using rainfall information from a single value which is still common practice in hydrological engineering because of considerations or reluctances of using operational data 8) . However, in regions without dense rain gauge networks, the lack of distributed rainfall data will be a limiting factor 9) . Moreover, in most of developing country, rainfall stations with good temporal resolution, especially in hourly resolution, are difficult to find. Therefore, it is necessary to find a solution to assess good distribution of spatial rainfall in hourly resolution by using available data.
Another factor which is important for the input in spatially distributed runoff models, particularly in urbanized areas, is the amount and distribution of sealed surface 10) . Assessing this parameter with respect to flood requires a thorough and detail data sets. An approach to detect urbanization was conducted by analyzing river network in urban area 11) . This method requires application of network data change from river investigation. Commonly in developing countries, it is not easy to obtain this data set.
The objective of this study is to obtain distributed flood runoff model for evaluating effect of land cover change in urbanized catchments by considering rainfall spatial variability. A method to overcome the lack of distributed rainfall data is developed by utilizing the available data. Rainfall spatial distribution used in the model will be given in hourly resolution. Spatial density factor which represents the ratio of permeable area within an urban area is used to estimate the open area in the developed area. This method can be considered for assessing urbanization in modeling the effect of impervious area density in urban land cover. This model will be applied to upper catchment of the Ciliwung River basin which is considered to be one of the factors caused flood in Jakarta, capital city of Indonesia. This river basin is also known for lack of data.
STUDY AREA
The Ciliwung River is located in West Java, Indonesia. It has tropical climate with dry season for the period from May until September and wet season for the period from October until April. This river flows through the central part of Jakarta, the capital city of Indonesia. Actually, there are several rivers that flow to Jakarta but Ciliwung River has the biggest influence into this city region. Its downstream catchment covers the most important part which is central government, business, commercial area, and other human activities. Moreover, the occurrence of flood in Jakarta always related to Ciliwung watershed management, especially in upper part 12) . Therefore, the upper catchment of Ciliwung River is selected as the study area. This area has been developing rapidly in the past decades causing land cover change due to urbanization. This study is conducted within the domain which covers 234 km 2 with the 46 km length of river, as can be seen in Land cover data was provided by Center for Regional System Analysis, Planning, and Development Indonesia, for the year of 1996 and 2002. During this period, as can bee seen in Table  1 , there were increasing of urban area for 19% and decreasing of forest area for 14%. The rainfall data sets are available from Meteorology, Climatology and Geophysics Department. There are 11 rainfall measurement gauges scattered in the basin. 3 of them measure hourly rainfall while the others measure daily rainfall.
MODEL DEVELOPMENT
Detail schematic of the model is shown in Fig. 2 . Hydrological processes are modeled by using nearly calibration free (NCF) tank model 13) . Combination 2D runoff model with NCF tank model has been conducted to simulate land cover change effect to discharge production. The combination has shown good performance to satisfy runoff process along with hydrology process 14) . However, the limitation of availability data sets needs an approach to improve the model. Application of spatial distribution for rainfall and urbanization assessment is conducted to solve the problem.
(1) Spatial rainfall distribution
Since it is very difficult to provide developing country, such as Indonesia, with the good resolution satellite/radar rainfall data, this study used the available data from 11 gauge measurement stations in the whole catchment of Ciliwung River basin. There are only 3 of them with hourly measurement data in scattered locations. This number is not adequate to provide a good spatial distribution of hourly rainfall for model input. However, from the available rainfall data sets, good spatial distributions can be produced for daily resolution. For this reason, a method is developed in order to assess spatial hourly rainfall distribution by maintaining the daily rainfall distribution. Basically, this method is based on simple linear interpolation where the value of hourly rainfall data in a grid is estimated by using the 2 nearest hourly rainfall station of the grid considering hourly rainfall deviation from daily average. In order to maintain the daily rainfall distribution, the daily distribution from the estimated hourly rainfall must be equal to daily distribution obtained from measurement data. This comparison might not prove the correctness of the estimation of hourly rainfall; however, it gives us the best way to estimate the hourly rainfall distribution from the existing data. Spatial daily rainfall distribution is constructed using measurements data from all stations. Estimation is conducted by means of linear regression based on the hourly stations as shown in the Eq. (1) , , hA hB hX P P P is the daily average rainfall deviation at A , B , X . This equation can be applied to the study area because based on the observation data from the hourly rainfall station, the delay time occurred on rainfall event was very short and it was much less than the duration of rainfall; furthermore, the peak of hyetograph from each hourly station often occurred in the same time. The obtained value from the regression is adjusted to meet the daily rainfall data from measurement. Adjustment is calculated as follow.
( )
where, hfX P is the final adjusted value of the estimated hourly rainfall at X , deX P is the estimated daily rainfall based on the sum of hourly estimated rainfall at X , dX P is the measured daily rainfall data at point X which is obtained by interpolating all available observed daily rainfall station using interpolation method such as inverse distance weight (IDW) method available in ArcGIS software. This final adjustment will ensure that there will be no deviation of the daily rainfall based on hourly estimation to the daily rainfall measurement as can be seen in Fig. 4. 
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(2) Urbanization assessment
The infiltration rate in urban area is often neglected to the assumption that the area is completely impermeable. However, this assumption is not actually correct. Urban area does have open spaces such as garden or park. Environmental awareness has lead to the increasing of such open spaces. The area might be small in size, but it is usually scattered and quite large in numbers. Unfortunately, detection of these open spaces requires a very high resolution images which can be expensive and time consuming. In this study, this parameter is assessed by using different approach as can be seen in 
RESULT AND DISCUSSION
Several scenarios will be applied to this model. The scenarios are calibration, validation, and land cover change effect investigation. For calibration and validation, comparison is conducted with observation data. Result from previous study 14) , which used non-distributed parameters by applying uniform precipitation over the whole basin and using constant value for infiltration coefficient in Eq. (4), is also compared to show effectiveness and improvement of using spatial distributed parameter in model simulation. In order to evaluate model performance, Nash-Sutcliffe Index (NSI), expressed in Eq. (5), is used in this study. Land cover change effect investigation is conducted by simulating different year of land cover condition in a flood event.
(1) Calibration and validation The aim of these scenarios is to evaluate the model performance compared to the observation data. First step is calibration in order to get the appropriate parameter for the model. Model calibration is conducted by using one day rainfall event of 2002 wet season in the study area. The simulation started at 1/2/02 13:00 and ended at 1/3/02 13:00. Manning values are set 0.08 for urban area, 0.025 for forest area, 0.03 for cultivated area and others. Urban area is given high manning value to represent the building condition as obstacle. The adjusting parameter for urbanization ( urban c ) is set to be 0.9 which means that there is only 10% for permeable area in urban land cover. After calibrating the model, then, the model has to be validated. The purpose of this step is to verify the parameters obtained from calibration process. The scenario for validation uses 2002 flood event when Jakarta experienced one of the most severe floods in history, which caused widespread damage and affected more than 75% of the total population of the city 15) . Duration of the flood was from the end of January to the beginning of February 2002, started at 1/29/02 0:00 and ended at 2/3/02 7:00. Since we use tank model with position of outlet located in the bottom of the tank; even the calibration uses small runoff, the outflow can still spill from the tank. Therefore the calibration can be applied for validation which uses the flood event.
Results from calibration and validation are shown in Fig. 6 for calibration and Fig. 7 for validation. It is found that the spatial distributed parameters have increased the model accuracy which is shown by the increase of the NSI value. From the previous results while simulations were conducted without the spatial distributed parameters, NSI value of 0.82 is obtained in calibration process while in validation process this value is 0.86.
By using spatial distributed parameters, NSI index increases to 0.93 for calibration process and 0.91 for validation process. It should be noted that the present results is able to provide with a more precise hydrograph compared to the previous one. The spatial distributed value has more influence to the hydrograph curve shape. It can be seen particularly in calibration process. Furthermore, the hydrograph peak in the present results is also much closer to the observation data. The 2002 flood event in validation process is used in this scenario. In order to examine effect of land cover change in flood model, simulation is conducted by using two different land cover, 2002 land cover and 1996 land cover. The result can be seen in Fig. 8 .
The result indicates that in term of flood runoff response, peak discharge and hydrograph volume increase while comparing simulation using 2002 land cover to simulation using 1996 land cover. It is shown that the peak discharge is approximately up as many as 1.2 times, from 79.2 m 3 /s to 96.8 m 3 /s. In term of hydrograph volume, the result using 1996 land cover is smaller than the result using 2002 land cover. This condition corresponds to the bigger number of forest area and smaller number of urban area in year of 1996. Amount of water intercepted and infiltrated is more than in 2002 land cover. Other factor that causes difference in 
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hydrograph volume is the amount of precipitations which become outflow discharge. Using 2002 land cover, the number is 46% while it is decreased to 36% by using 1996 land cover. Moreover, the capacity of water in soil layer also influences the change of hydrograph volume. At the end of simulation time, in 2002 flood event, 45% of soil layer is filled by water. More water, as much as 51% of soil layer capacity, is found while simulating the model using 1996 land cover.
CONCLUSION
Development of methods for assessing spatial distributed parameter in flood modeling has been conducted. Based on the results, it has been shown that the methods are able to provide more accurate results. The methods are developed to overcome lack of detail data, which is often, happened in developing countries.
Spatial distributed urban density is developed to accommodate the infiltration rate in the urban area based on land cover and district boundary data. Spatial hourly rainfall data is developed using the daily rainfall data. Both methods do not require detail data set; on the contrary, they are developed to assess detail information based on limited available data.
Simulations using the new spatial distributed parameters provide a better comparison to the observation data which is shown by a higher NSI index value as compared to the non-distributed simulation. Furthermore, the new method is able to provide a more realistic hydrograph shape and peak which are very important in urban flood simulation.
The urban land cover change has been investigated by simulating flood scenario with two different land covers. Based on the results, it can be concluded that urbanization reduces the amount of interception and soil storage, moreover, higher surface water volume is observed in simulation with more recent land cover.
